Abstract:This review gives an overview of the application of guanidine and its salts in multicomponent reactions. It can act as a catalyst or solvent for multicomponent reactions or as a reagent for synthesis of substituted diazines, triazines, and macroheterocycles by multicomponent reactions.
Introduction
Guanidine, also called carbamidine, is a strongly alkaline and water-soluble compound that plays a key role in numerous biological activities. The guanidine group defines chemical and physicochemical properties of many compounds of medical interest.
1 Trimethoprim 2 1, sulfadiazine 3 2, and Gleevec (imatinib mesilate) 4 3 are examples of pharmaceutically important guanidine-containing heterocycles ( Figure) . In peptides, residue of arginine has a guanidine structure in the protonated form as guanidinium ion, which functions as an efficient identification moiety of anionic substrates such as carboxylate, nitronate, and phosphate functionalities. 5 The guanidinium ion is also involved in many enzymatic transformations, because it can orient specific substrates based on their electronic characteristic and it is able to form a transition state assembly with the substrates to reduce the activation energy or to stabilize anionic intermediates. Multicomponent reactions are of increasing importance in organic and medicinal chemistry because this kind of reaction provides a powerful tool for the 1-pot synthesis of small heterocycles and complex compounds. Using guanidine and its salt as reagent in multicomponent reactions usually leads to the formation of guanidinecontaining heterocycles, which are a very important class of therapeutic agents, and they are suitable for the treatment of a wide spectrum of diseases. 1,9−11 Guanidinium salts are also environmentally friendly catalysts for some multicomponent reactions. 12, 13 This review covers the application of guanidine and its salts from these points of view. 4,6-Diaryl amino pyrimidines 7 were also synthesized by 3-component condensation of aromatic aldehydes 4, acetophenones 5, and guanidinium chloride 8 in PEG-400 in the presence of KOH. A series of new dioxothiazolidin-5-yl)-N-(4,6-diphenylpyrimidin-2-yl) acetamides 10 has been prepared by condensing 2,4-thiazolidinedione acetic acid 9 with diaryl amino pyrimidines 7 in DMF using N,N-dicyclohexylcarbodimide (DCC) at room temperature (Scheme 2).
Guanidine as
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Pyridylpyrimidine is a N,N'-chelating ligand that has 4 N-donors and can act as a neutral mono-or bidentate ligand and an anionic tridentate ligand. An easy and highly efficient 1-pot reaction for the preparation of 4-aryl-6-(pyridin-2-yl)pyrimidin-2-amine 12 via the reaction of different aromatic aldehydes 4, acetylpyridine 11, and guanidinium carbonate 6 in the presence of NaOH under solvent-free conditions was reported by Tao An environmentally friendly method for the synthesis of pyrimidine-fused ring systems 39 or 40 by the 1-pot condensation of aromatic aldehydes 4, guanidinium carbonate 6, and cyclic ketones 37 or 38, respectively, in the presence of NaOH under solvent-free conditions was reported by Rong et al. (Scheme 11). The synthesis of thiosugar-fused bicyclic pyrimidines 57 and 58 with high cis diastereoselectivity at the ring junction has been developed by Yadav et al. using unprotected aldoses 55, 2-methyl-2-phenyl-1,3-oxathiolan-5-one 56, and guanidine 46 by a nanoclay catalyst under solvent-free MW irradiation conditions (Scheme 15). and guanidinium nitrate 69 using piperidine as a catalyst (Scheme 21). 43 They also reported a simple protocol for preparation of 2-amino-6-aryl-4-oxo-1,4,5,6-tetrahydropyrimidine-5-carbonitriles 71 using the same reactants and catalyst in solvent-free conditions under microwave irradiation (Scheme 22 Anbhule and co-workers have developed a simple and efficient approach toward 1-step synthesis of 2-amino-5-cyano-6-hydroxy-4-aryl pyrimidines 72 using condensation of aromatic aldehydes 4, ethyl cyanoacetate 68, and guanidinium chloride 8 in alkaline ethanol (Scheme 23). The antibacterial study of synthesized compounds showed good to excellent activity against tested gram-positive and gram-negative bacteria. 
Scheme 24
The synthesis of 2,6-bis(2-amino-5-cyano-6-phenylpyrimidin-4-yl)pyridine 78 was developed by the reaction of 2-benzylidene-3-oxopropanenitrile 77 and 2 guanidine 46 molecules in the presence of anhydrous potassium carbonate (Scheme 25). 
Synthesis of 6-amino compounds
Rong and co-workers presented an environmentally friendly and mild method for synthesis of 2,6-diamino-4-arylpyrimidine-5-carbonitrile derivatives 79 via 1-pot cyclocondensation reaction of aromatic aldehydes 4, malononitrile 27, and guanidinium carbonate 6 using sodium hydroxide as catalyst at 70
• C in solvent-free conditions (Scheme 26). Hekmatshoar et al. also reported an efficient and facile synthesis of 2-amino-4-aryl-1,6-dihydro-6-oxopyrimidine-5-carbonitriles 79 by the reaction of aromatic aldehydes 4, malonitrile 27, and guanidinium carbonate 6 in the presence of ZnO nanoparticles in water. 49 A method using granulated copper oxide nanocatalyst as a mild and efficient reusable catalyst for the 1-pot synthesis of 2-amino-4-aryl-1,6-dihydro-6-oxopyrimidine-5-carbonitriles 79 under aqueous conditions was also reported by Ahmadi and coworkers by the reaction of aromatic aldehydes 4, malonitrile 27, and guanidinium carbonate 6.
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Furthermore, another 1-pot synthesis of 2,4-diamino-6-arylpyrimidine-5-carbonitriles 79 was reported by Deshmukh et al. via condensation of aromatic aldehydes 4, malononitrile 27, and guanidinium chloride 8 in aqueous medium using tetrabutyl ammonium bromide (TBAB) and potassium carbonate (Scheme 27). 2,6-Diamino-4-arylpyrimidine-5-carbonitriles 79 were also synthesized by 3-component reaction of malononitrile 27, aldehydes 4, and guanidinium chloride 8 in water at reflux or under microwave heating, in the presence of sodium acetate. 52 Sheibani and co-workers reported another method for synthesis of this class of compounds using high-surface-area MgO as a highly effective heterogeneous base catalyst. 53 Moreover, an efficient 1-pot synthesis of 2,6-diamino-4-arylpyrimidine-5-carbonitriles 79 has been achieved in excellent yields by the condensation of malononitrile 27, aldehydes 4, and guanidinium chloride 8 using ionic liquid under controlled microwave irradiation (100 W) at 60 • C.
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One-pot synthesis of 6-alkylamino-2,4-diaminopyrimidines 82 using ketene dithioacetals 80, 55−56 alkyl amines 81, and excess guanidinium carbonate 6 was developed under reflux conditions in pyridine (Scheme 28). 
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Scheme 28
The reaction of aniline derivatives 42 with ketene dithioacetal 80 gave intermediates 83, which were reacted with guanidinium carbonate 6 to provide 6-arylamino-2,4-diaminopyrimidines 84 (Scheme 29). 
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Scheme 30
An efficient synthesis of spirocyclic 2-aminopyrimidinones 88 was achieved via a domino Michael additioncyclocondensation reaction of a cyclic ketone 87, ethyl cyanoacetate 68, and guanidinium carbonate 6 in methanol (Scheme 31). 
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Scheme 33
There are 2 more methods for synthesis of the above 2-amino-5,6-dihydropyrimidin-4(3H)-ones 61. Mohammadnejad and co-workers reported a 3-component reaction of Meldrum's acid 91, aromatic aldehyde 4, and guanidinium carbonate 6 in reflux of ethanol that leads to formation of 2-amino-5,6-dihydropyrimidin-4(3H)-ones 92. 61 Mirza-Aghayan and co-workers also developed another method for the synthesis of these compounds from the 1-pot cyclocondensation of Meldrum's acid 91, aldehydes 4, and guanidinium carbonate 6 using MCM-41 catalyst functionalized with 3-aminopropyltriethoxysilane (MCM-41-NH 2 ) as an efficient nanocatalyst in DMF. The respective compounds 111 and 112 have the same molecular formula, the same methine signal of either the dihydrotriazine or the dihydrodiazepine ring, and with tautomerization the same number of amino/imino groups exchangeable with D 2 O. In order to resolve this structural ambiguity, an unambiguous synthesis was performed of 1 of the 2 amide-triazines 111 by the reaction of amide-aldehyde 113 with excess guanidine 46 in methanol at reflux (Scheme 42). The reaction of 4-chlorobenzaldehyde 4 and guanidinium carbonate 6 in the presence of sodium methoxide in ethanol after acidification with concentrated HCl gave noncyclic l-(p -chlorobenzoyl)-3-( p-chlorobenzyl)guanidine
HCl 123 (Scheme 47). 
Guanidine as a catalyst
Guanidinium chloride 8 has been found to be a highly efficient catalyst for 1-pot 3-component Strecker reaction between various aldehydes 4, amines 81, and trimethylsilyl cyanide 137 for synthesis of α -aminonitriles 138 (Scheme 52). 
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Scheme 52
Guanidinium chloride 8 is also an active and simple catalyst for Mannich-type reaction between various aldehydes 4, acetophenone 5, and aniline 42 for synthesis of β -carbonyl compounds 139 (Scheme 53). 
Conclusion
In this review, applications of guanidine and its salts in multicomponent reaction have been studied. Guanidine can be used as catalyst and also as a reactant in the synthesis of heterocycles in conventional, microwave, or solvent-free conditions. In most cases, using a base with guanidine salts is necessary for synthesis of heterocyclic compounds. Because of the ionic structure of guanidine salts, using microwave irradiation will be suitable for synthesis of heterocylic compounds.
